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O . 

^— ^ ^ We determine chiral loop corrections to the B meson decay amphtudes to positive and negative parity charmed mesons 

1 within a framework which combines heavy quark and chiral symmetries. We find that corrections due to states of 

^ ^ ' opposite parity are competitive with the contributions arising from K and eta meson loops. Since lattice studies rely 

, on the chiral behavior of the amplitudes we discuss the chiral limit of our results. We also comment on the extraction 

' of 1/m.g, sublcading form factors relevant for the studies of Bq DqTUr decays, which arc sensitive to possible 

, hclicity-supprcsscd new physics contributions. 
'NT , 
^ . 

■ The 6 — > c transitions have been very important in the extraction of the Vcb CKM matrix element. In experiments 

^p^, aimed to determine Vcb, actually the product |Vc6.F(l)| is extracted, where denotes the B D ov B D* 

Oh' hadronic form factors at zero recoil. A lack of precise information about the shapes of these form factors away 

^ ' from zero recoil is one of the main sources of uncertainties. Furthermore recent spectroscopic discoveries of low lying 

'— ' . orbitally excited charmed meson states at the charm and B factories have prompted reevaluation of their contributions 

I to B meson decays. The leading order (LO) SU{3) chiral corrections at leading and next to leading order (NLO) in 

J> ' i/rriQ to the Bq — > Dq*^ semileptonic form factors have previously been computed [H. Also virtual effects of positive 

' parity heavy meson states in these transitions have been considered before However, phenomenological discussion 

. at the time was limited by the lack of experimental and lattice QCD (LQCD) information available on the relevant 

' phenomenological parameters. We are now able to provide the first more reliable estimates of these contributions, 

d I but we also extend the program to B meson transitions to positive parity charmed mesons fl. In particular we 

. address the issue of extrapolation of LQCD results on these quantities to the chiral regime. In the Bq DqTv decay 

, mode due to the large tau mass one can discuss helicity suppressed contributions as such coming from the exchange 

> 

, corrections, governing the differences between the vector and scalar form factors in Bq Dq transitions [8j. These 

Ci ■ corrections can on the one hand be used to guide LQCD studies in their chiral extrapolations. On the other hand 
we use them to estimate qualitatively the relative scalar form factor values in Bs —>■ Ds transitions. 

First we present the most important results of our calculation [S] of leading chiral loop corrections to the form 
factors governing transitions of B mesons to positive and negative parity charmed mesons. In our heavy meson 
chiral perturbation theory (HM^PT) description, heavy-light mesons appear in velocity (v) dependent spin-parity 
doublets due to heavy quark spin symmetry, while chiral SU{Nf) symmetry determines their interactions with the 
multiplet of light pseudo-Goldstone bosons. Such a framework provides a systematic expansion terms of light and 
inverse heavy quark masses (for details c.f. ref. 0]). The relevant form factor contributions in the effective theory 
are obtained using operator bosonization procedure introducing the universal Isgur-Wise (IW) functions £,{w), ^(w) 
and Ti/2(w) (where w = v ■ v' is the product of velocities of initial and final heavy- light states) governing transitions 



of charged scalars 0J^, S, Q| ■ This calls for high precision theoretical estimates for both the dominating vector as well 
as the subleading relative scalar form factor contribution. We have estimated the leading chiral symmetry breaking 
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Figure 1: Weak vertex correction diagrams. Crossed boxes represent effective weak vertices whiie fiiied circies represent LO 
strong vertices. Oniy diagrams of the utmost ieft topoiogy contribute to tfie amplitude at tiie leading chiral log order. 
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Figure 2: Chiral extrapolation of the slope of the IW function at it; = 1 (^'(1)). Negative parity heavy states' contributions 
(black line) and a range of possible positive parity heavy states' contribution effects when the difference of slopes of ^(1) and 
5(1) is varied between 1 (red dashed line) and —1 (blue dash-dotted line) 



within the negative, positive parity doublets, and between states of opposite parity respectively. We calculate loop 
corrections to these effective weak vertices coming from the one loop diagram topologies shown in Fig. 1. In addition, 
wave function renormalization of the heavy-light fields needs to be taken into account. This has been done e.g. in 
ref. 3 and non-zero contributions come from the self energy diagrams with LO effective strong couplings in the loop. 
Presence of two opposite parity heavy-light meson multiplets in the theory introduces a new scale - the mass gap 
between the ground and excited heavy meson states Ash- In order to tame the chiral behavior of the arnplitudes 
containing the mass gap we use the 1/Ash expansion of the chiral loop integrals We have argued that 
the expansion works well in a SU(2) theory where kaons and etas, whose masses would compete with Ash, do not 
propagate in the loops. Therefore we can write down explicit expressions for the chiral loop corrected IW functions 
specifically for the strangeless states in the SU{2) theory^: 



Loop 




3 21"^ 

log — 



9^2iriw) - 1) 



1 



aw) 



hg 



—w{w - 1) ' , 



(1) 



where r{x) — log(x 4- \/ — X)l\/ — 1 and all IW functions on the rhs should be considered tree-level, similarly 
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Following 3 we absorb the infinite and scale dependent pieces from one loop amplitudes into the appropriate countcrterms at order 
0{mq). 
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The first parts of Eqs. ([T]) and ([2]) contain the leading contributions while the calculated 1//S.sh corrections are 
contained in the second parts. Definitions and values for the LO strong couplings g and h can be found in ref. [sj. 
We present the chiral behavior of the IW functions in the chiral limit below the As// scale in Fig. 2. 

Next we focus particularly on the matrix element of the vector 6 — *■ c quark current between a B and a D meson 
of velocity v and v' respectively, which can be parametrized in terms of two form factors: 



{D{v')\ C7^6 \B{v)) = ^mBmD[h+{w){y + v')^, + h_{w){v - v')^,] 



(3) 



It is important to know that in heavy quark expansion h+(w) is the leading order term in l/mg (proportional to 
the IW function £(w)) while h-{w) ^ l/mc ~ ^/mi,. After the bosonization of the relevant new operators which 
appear at l/mg |8|, we determine leading logarithmic chiral corrections relevant for LQCD extraction of the h^{w) 
and h-{w) form factors in the SU{2) theory: 
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where = h*J^'^'^ / K^'^^ is the ratio of vector current matrix elements proportional to v — v' between vector and 
pseudoscalar states respectively (see ref. jl] for details and other possible choices of parameterizing this quantity), 
and the w dependence is implicit. Here and in the rest of the text Ci(//, w) denote the sums of local analytic counter- 
terms, which cancel the /i dependence of the chiral log pieces. As stressed by the notation, they will in general have 
a non-trivial w dependence, originating both from the finite analytic residuals of chiral loops as well as from local 
NLO chiral current operators, needed to cancel the UV divergences of chiral loops. The ratio h^/h+ is particularly 
important since it enters in the multiplicative contribution to the differential decay rate distribution distinguishing 
B Dtv from B Dev decays. The chiral corrections in this case read: 
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as written in [8|J and where relevant quantities are defined. 

We can summarized our results: within a HM^PT framework, which includes even and odd parity heavy meson 
interactions with light pseudoscalars as pseudo-Goldstone bosons, we have calculated chiral loop corrections to the 
functions ^ and ti/2. As in previous cases 0, we have shown that the leading pionic chiral logarithms are 
not changed by the inclusion of even parity heavy meson states we consider chiral extrapolation of IW functions. 
Our results are particularly important for the LQCD extraction of the form factors. The present errors on the 
Vcb parameter in the exclusive channels are of the order few percent. This calls for careful control over theoretical 
uncertainties in its extraction. We have found also Q how calculating the ratio of current matrix elements in B ^ D 
and B* D* transitions on the lattice can improve the extraction of the scalar form factor. 
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